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(54) Optical pickup and optical device 

(57) An optical pickup of this invention includes a 
first laser beam source (8) having a wave length of 780 
nm and a second laser beam source (9) having a sec- 
ond wave length of 650 nm wherein the first laser beam 
source (8) and the second laser beam source (9) are 
disposed in the vicinity of each other, emission lights 
from the first laser beam source (8) and the second 
laser beam source (9) are emitted along substantially 
the same optical axis and a reflected light from the infor- 
mation recording medium (10) is returned along the 
optical axis; the first diffraction grating (13), the second 
diffraction grating (14) and the light receiving device 
substrate (2) are disposed in order, the first diffraction 
grating (13) is substantially transparent for a wave 
length of 780 nm and diffracts a wave length of 650 nm, 
and the second diffraction grating (14) is substantially 
transparent for a wave length of 650 nm while it diffracts 
a wave length of 780 nm. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The present invention relates to an optical 
pickup and optical device for use in a playback unit for 
an information recording medium such as an optical 
disc and more particularly to an optical pickup and opti- 
cal device preferable for a compatible playback system 
for digital versatile disc (DVD) and compact disc-write 
once (CD-R). 

2. Description of the Related Art 

[0002] Currently, a DVD system has been proposed 
and marketed, and its prevalence has started, the DVD 
system having a higher density than an optical compact 
disc (CD) which had already prevailed as a consumer 
product. In DVD player as a playback unit of this system, 
compatible playback with CD is indispensable to avoid 
an overlapping of the devices and complexity of opera- 
tion upon use. Likewise, the DVD player is also required 
to be compatible with the CD-R which can be played 
back by the CD player. A technology for playing back 
discs of various standards has been developed and fur- 
ther, simplification andVeduction of cost for achieving it 
are problems to be solved. . 

[0003] For the aforementioned CD-R, a laser beam 
source having 780 nm band laser beam source different 
from 650 nm band for the DVD is required because 
reflectivity of an information recording medium has a 
high wave length dependency and therefore, an optical 
pickup containing a light source for two wave lengths 
(wavelengths) is necessary. 

[0004] Fig.1 is a schematic structure diagram of a 
conventional example of the optical pickup device. 
Referring to Fig. 1 , a first laser beam source 51 is fixed 
on a first light receiving device (photodetector) sub- 
strate 50 and this first laser beam source 51 emits a 
light having a wave length (wavelength) of 650 nm. An 
emission light from the first laser beam source 51 
passes through a first hologram device 52, and a light 
transmitting through a half mirror 53 is converged by an 
objective lens 54 and irradiated onto a disc 55 as an 
information recording medium. A light reflected by the 
disc 55 is introduced to the hologram device 52 through 
the objective lens 54 and half mirror 53, and in the holo- 
gram device 52, the light is diffracted and divided. Then, 
± primary-order (± 1st-order) diffracted light is irradiated 
to the first light receiving device substrate 50. A second 
laser beam source 57 is fixed on a second light receiv- 
ing device (photodetector) substrate 56 and the second 
laser beam source 57 emits a light having a wave length 
of 780 nm. An emission light from the second laser 
beam source 57 passes through a second hologram 
device 58 and is reflected by the half mirror 53 and con- 



verged by the objective lens 54 and irradiated to the disc 
55 as an information recording medium. A light reflected 
by the disc 55 is introduced to the second hologram 
device 58 again through the objective lens 54 and half 
5 mirror 53. In the hologram device 58, the light is dif- 
fracted and divided and the ± primary-order (± 1st- 
order) diffracted light is irradiated to the second light 
receiving device substrate 56. 

[0005] Fig.2 is a schematic structure diagram of 

10 other conventional example of the optical pickup device. 
In Fig. 2, a first laser beam source 60 and a second 
laser beam source 61 are disposed in the vicinity of 
each other. The first laser beam source 60 emits a light 
having a wave length of 650 nm and the second laser 

is beam source 61 emits a light having a wave length of 
780 nm. The emission lights from the first laser beam 
source 60 and second laser beam source 61 are emit- 
ted along substantially the same optical axis and 
reflected by a half mirror 62. The reflected lights are 

20 converged by an objective lens 63 and irradiated to a 
disc 64 as an information recording medium. Light 
reflected by the disc 64 passes through the objective 
lens 63, passes through the half mirror 62 and is irradi- 
ated to a light receiving device substrate 65. 

25 [0006] However, because, in the former conven- 
tional example, optical paths from the laser beam 
sources 51 , 57 to the half mirror 53 of the respective 
wave lengths are different from each other and the first 
laser beam source 51 and first light receiving device 

30 substrate 50 are disposed apart from the second laser 
beam source 57 and second light receiving device sub- 
strate 56, therefore, the optical pickup cannot be con- 
structed in a compact configuration. 
[0007] In the latter conventional example, the first 

35 laser beam source 60 and second laser beam source 
61 are disposed in the vicinity of each other and 
although the optical paths thereof are the same, an opti- 
cal path of incident light to the disc 64 is different from 
that of reflected light from the disc 64. Consequently, 

40 the first and second laser beam sources 60, 61 are dis- 
posed at a different position from that of the light receiv- 
ing device substrate 65. Therefore, the optical pickup 
can be constructed in a compact configuration like the 
former example. 

45 [0008] Here, such a structure in which the optical 
paths of the respective lights are the same and an opti- 
cal path of an incident light to a disc coincides with that 
of a reflected light from the disc can be considered. In 
this case, a means for diffracting and dividing lights hav- 

50 ing different wave lengths is indispensable and further, if 
such a means is just disposed, usability of light from a 
laser beam source up to a light receiving device sub- 
strate via the disc drops considerably, so that practica- 
bility thereof is very low. 

55 [0009] On the other hand, in a case for producing 
an optical device for the former conventional optical 
pickup, although as shown in Fig. 1. an optical device 70 
in which a first laser beam source 51 , a first light receiv- 
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ing device substrate 50 and a first hologram device 52 
are integrally fixed in a casing (package) and an optical 
device 71 in which a second laser beam source 57, a 
second light receiving device substrate 56 and a second 
hologram 58 are integrally fixed in a casing(package) 
can be constructed in a compact configuration each, 
this example cannot make it possible to combine these 
optical devices to produce a compact single optical 
device. 

[0010] In case for producing an optical device for 
the latter conventional optical pickup, although as 
shown in Rg.2, an optical device 73 in which a first laser 
beam source 60 and a second laser beam source 61 
are fixed in a casing (package) can be constructed, this 
example cannot make it possible to combine the first 
and second laser beam sources 60, 61 , light receiving 
device substrate 65 and the like to produce a compact 
single optical device. 

SUMMARY OF THE INVENTION 

[0011] Accordingly, the present invention is 
achieved to solve the above problems, and therefore it is 
an object of the invention to provide an optical pickup 
and optical device in which light usability in a process 
from a laser beam source up to a light receiving device 
substrate hardly deteriorates unlike a conventional 
example and which can be constructed in a compact 
configuration. 

[0012] To achieve the above object, according to a 
first aspect of the present invention, there is provided an 
optical pickup for irradiating light to an information 
recording medium and reading information by using a 
reflected light from the information recording medium, 
the optical pickup comprising: a first laser beam source 
having a first wave length; a second laser beam source 
having a second wave length; a first diffraction grating; 
a second diffraction grating provided on a face different 
from a face on which the first diffraction grating is pro- 
vided; and a light receiving device substrate having a 
plurality of light receiving regions on the same plane, 
wherein the first laser beam source and the second 
laser beam source are disposed in the vicinity of each 
other, emission lights from the first laser beam source 
and the second laser beam source are emitted to the 
information recording medium along substantially the 
same optica! axis and a reflected light from the informa- 
tion recording medium is returned along the optical axis; 
the first diffraction grating, the second diffraction grating 
and the light receiving device substrate are disposed in 
order substantially perpendicular to the optical axis; the 
first diffraction grating is substantially transparent for 
any one of the first wave length and the second wave 
length and diffracts the other wave length; and the sec- 
ond diffraction grating is substantially transparent for the 
other wave length while it diffracts the one wave length. 
[0013] According to the present invention, a light 
emitted from the first laser beam source having a first 



wave length is diffracted by the second diffraction grat- 
ing and this 0-order (Oth-order) diffracted light is sub- 
stantially transmitted through the first diffraction grating 
and then introduced toward the information recording 
5 medium. A reflected light from the information recording - 
medium substantially is transmitted through the first dif- 
fraction grating and this light is diffracted by the second 
diffraction grating. Then, the ± primary-order diffracted 
light is irradiated to the light receiving device substrate, 
to A light emitted from the second laser beam source hav- 
ing a second wave length passes through the second 
diffraction grating and this passing light is diffracted by 
the first diffraction grating. The 0-order (Oth-order) dif- 
fracted light is introduced toward the information record- 
ts ing medium and a reflected light from the information 
recording medium is diffracted by the first diffraction 
grating. The ± primary-order diffracted light substantially 
is transmitted through the second diffraction grating and 
is irradiated to the light receiving device substrate. 
20 Thus, when a light having the first wave length and a 
light having the second wave length substantially pass 
through any one of the first and second diffraction grat- 
ings, they substantially are transmitted therethrough, - 
and only when they pass through the other, they are drf- 
25 fracted. Consequently, light usability in a process from 
the first and second laser beam sources up to the light 
receiving device substrate is substantially the same as 
that of a conventional example. Further, because ft is so 
constructed that the first laser beam source and second 
30 laser beam source are disposed in the vicinity of each 
other, emission lights from the first laser beam source 
and second laser beam source are emitted to the infor- 
mation recording medium along substantially the same 
optical axis and the reflected lights are returned along 
35 substantially the same optical axis as above-mentioned 
optical axis, the first laser beam source/second laser 
beam source and the light receiving device substrate 
can be disposed in the vicinity of each other, so that a 
compact optical pickup can be constructed. 
40 [0014] To achieve the above object, according to a 
second aspect of the present invention, there is pro- 
vided an optical pickup for irradiating light to an informa- 
tion recording medium and reading information by using 
a reflected light from the information recording medium, 
45 the optical pickup comprising: a first laser beam source 
having a first wave length and a linearly polarized light; 
a second laser beam source having a second wave 
length and a linearly polarized light substantially per- 
pendicular to the polarized light of the first laser beam 
so source; a first diffraction grating; a second diffraction 
grating provided on a face different from a face on which 
the first diffraction grating is provided; and a light receiv- 
ing device substrate having a plurality of light receiving 
regions on the same plane, wherein the first laser beam 
55 source and the second laser beam source are disposed 
in the vicinity of each other, emission lights from the f irst 
laser beam source and the second laser beam source 
are emitted to the information recording medium along 
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substantially the same optical axis and a reflected light 
from the information recording medium is returned 
along the optical axis; the first diffraction grating, the 
second diffraction grating and the light receiving device 
substrate are disposed in order substantially perpendic- 
ular to the optical axis; any one of the first diffraction 
grating and the second diffraction grating is substan- 
tially transparent for a linearly polarized light of any one 
of the first laser beam source and the second laser 
beam source and diffracts the other linearly polarized 
light; and the other one of the first diffraction grating and 
the second diffraction grating is substantially transpar- 
ent for a wave length possessed by a laser beam source 
whose laser beam is diffracted by the first diffraction 
grating, of the first and second laser beam sources, and 
diffracts a wave length possessed by a laser beam 
source whose laser beam substantially is transmitted 
through the first diffraction grating, of the first and sec- 
ond laser beam sources. 

[0015] According to the present invention, a light 
emitted from the first laser beam source, having the first 
wave length and linearly polarized light is diffracted by 
the second diffraction grating. Its 0-order diffracted light 
substantially is transmitted through the first diffraction 
grating and is introduced toward the information record- 
ing medium. A reflected light from the information 
recording medium substantially passes through the first 
diffraction grating and this fight is diffracted by the sec- 
ond diffraction grating and the ± primary-order diffracted 
light is irradiated to the light receiving device substrate. 
A light emitted from the second laser beam source, hav- 
ing the second wave length and a linearly(linear) polar- 
ized light perpendicular to the linearly(linear) polarized 
light from the first laser beam source is transmitted 
through the second diffraction grating. This passing light 
is diffracted by the first diffraction grating in a polarized 
state and the 0-order diffracted light is introduced 
toward the information recording medium. A reflected 
light from the information recording medium is diffracted 
by the first diffraction grating in a polarized state and its 
± primary-order diffracted light substantially is transmit- 
ted through the second diffraction grating and is irradi- 
ated to the light receiving device substrate. Thus, when 
a light having the first wave length and a light having the 
second wave length pass through any one of the first 
and second diffraction gratings, they substantially are 
transmitted therethrough, and only when they pass 
through the other, they are diffracted. Consequently, 
light usability in a process from the first and second 
laser beam sources up to the light receiving device sub- 
strate is substantially the same as that of a conventional 
example. Further, because it is so constructed that the 
first laser beam source and second laser beam source 
are disposed in the vicinity of each other, emission lights 
from the f irst laser beam source and second laser beam 
source are emitted to the information recording medium 
along substantially the same optical axis and the 
reflected lights are returned along substantially the 



same optical axis as above-mentioned optical axis, the 
first laser beam source/second laser beam source and 
the light receiving device substrate can be disposed in 
the vicinity of each other, so that a compact optical 
5 pickup can be constructed. 

[0016] To achieve the above object, according to a 
third aspect of the present invention, there is provided 
an optical pickup for irradiating light to an information 
recording medium and reading information by using a 
to reflected light from the information recording medium, 
the optical pickup comprising: a first laser beam source 
having a first wave length and a linearly polarized light; 
a second laser beam source having a second wave 
length and a linearly polarized light substantially the 
rs same as the first laser beam source; a wave length 
plate; a first diffraction grating; a second diffraction grat- 
ing provided on a face different from a face on which the 
first diffraction grating is provided; and a light receiving 
device substrate having a plurality of light receiving 
20 regions on the same plane, wherein the first laser beam 
source and the second laser beam source are disposed 
in the vicinity of each other, emission lights from the first 
laser beam source and the second laser beam source 
are emitted to the information recording medium along 
25 substantially the same optical axis and a reflected light 
from the information recording medium is returned 
along the optical axis; the wave length plate, the first dif- 
fraction grating, the second diffraction grating and the 
light receiving device substrate are disposed in order 
30 from the information recording medium substantially 
perpendicular to the optical axis; any one of the first dif- 
fraction grating and the second diffraction grating is sub- 
stantially transparent for linearly polarized lights of 
emission lights from the first laser beam source and the 
35 second laser beam source and diffracts a linearly polar- 
ized light substantially perpendicular to the linearly 
polarized lights from the first and second diffraction 
gratings, the other one of the first diffraction grating and 
the second grating is substantially transparent for a 
40 wave length possessed by a laser beam source whose 
beam is diffracted by the first diffraction grating, of the 
first and second laser beam sources and diffracts a 
wave length possessed by a laser beam source whose 
beam substantially passes through the first diffraction 
45 grating, of the first and second laser beam sources; and 
the wave length plate provides a wave length of emis- 
sion light which substantially is transmitted through the 
first diffraction grating with a phase difference of 1/4 
wave length. 

so [0017] According to the present invention, a light 
emitted from the first laser beam source, having the first 
wave length and linearly polarized light is diffracted by 
the second diffraction grating. Its 0-order diffracted light 
substantially is transmitted through the first diffraction 

55 grating, further transmitted through the wave length 
plate and is introduced toward the information recording 
medium. A reflected light from the information recording 
medium substantially is transmitted through the wave 
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length plate and further is transmitted through the first 
diffraction grating and this light is diffracted by the sec- 
ond diffraction grating and its ± primary-order diffracted 
light is irradiated to the light receiving device substrate. 
A light emitted from the second laser beam source, hav- 
ing the second wave length and a linearly polarized light 
substantially the same as that of the first laser beam 
source passes through the second diffraction grating. 
This transmitting light is transmitted through the f irst dif- 
fraction grating and is provided with a phase difference 
of 1/4 wave length . The light whose phase is changed 
is introduced toward the recording medium. A reflected 
light from the information recording medium is further 
provided with a phase difference of 1/4 wave length by 
the wave length plate so as to be changed to a linearly 
polarized light perpendicular to that of the incident light. 
This light is diffracted by the first diffraction grating in a 
polarized state and its ± primary-order diffracted light 
substantially is transmitted through the second diffrac- 
tion grating and then is irradiated to the light receiving 
device substrate. Consequently, when an emission light 
from any one of the first laser beam source and the sec- 
ond laser beam source passes through any one of the 
first and second diffraction gratings, they substantially 
are transmitted therethrough, and only when they pass 
through the other, they are diffracted. Consequently, 
light usability in a process from any one of the first and 
second laser beam sources up to the light receiving 
device substrate is substantially the same as an con- 
ventional example. Further, when an emission light from 
the other one of the first laser beam source and second 
laser beam source is introduced to the information 
recording medium, it substantially is transmitted through 
both the first and second diffraction gratings. Then, the 
light is diffracted by one of the first and second diffrac- 
tion gratings first after it is reflected by the information 
recording medium to return to the light receiving device 
substrate. Consequently, light usability in a process 
from the other one of the first and second laser beam 
sources up to the light receiving device substrate is far 
more excellent than a conventional example. Further, 
because it is so constructed that the first laser beam 
source and second laser beam source are disposed in 
the vicinity of each other, emission lights from the first 
laser beam source and second laser beam source are 
emitted to the information recording medium along sub- 
stantially the same optical axis and the reflected lights 
are returned along substantially the same optical axis 
as the former optical axis, the first laser beam 
source/second laser beam source and the light receiv- 
ing device substrate can be disposed in the vicinity of 
each other, so that a compact optical pickup can be con- 
structed. 

[0018] To achieve the above object, according to a 
fourth aspect of the present invention, there is provided 
an optical device for use in the optical pickup descrtoed 
in the first aspect wherein the first laser beam source, 
the second laser beam source, the first diffraction grat- 



ing, the second diffraction grating and the light receiving 
device substrate are integrally fixed in the same casing. 
[0019] The optical device according to the fourth 
aspect of the invention is capable of obtaining the same 

5 effect as the optical pickup described in the first aspect. 
To achieve the above object, according to a fifth aspect 
of the present invention, there is provided an optical 
device for use in the optical pickup described in the sec- 
ond aspect wherein the first laser beam source, the sec- 

io ond laser beam source, the first diffraction grating, the 
second diffraction grating and the light receiving device 
substrate are integrally fixed in the same casing. 
[0020] The optical pickup according to the fifth 
aspect of the invention is capable of obtaining the same 

15 effect as the optical pickup described in the second 
aspect. 

[0021] To achieve the above object, according to a 
sixth aspect of the present invention, there is provided 
an optical device for use in the optical pickup described 

20 in the third aspect wherein the first laser beam source, 
the second laser beam source, the wave length plate, 
the f irst diffraction grating, the second diffraction grating 
and the light receiving device substrate are integrally 
fixed in the same casing. 

25 [0022] The optical device according to the sixth 
aspect of the present invention is capable of obtaining 
the same effect as the optical pickup of the second 
aspect. 

[0023] The nature, principle and utility of the inven- 
30 tion will become more apparent from the following 
detailed description when read in conjunction with the 
accompanying drawings. 

[0024] BRIEF DESCRIPTION OF THE DRAWINGS 
[0025] In the accompanying drawings: 

35 

Fig.1 is a schematic structure drawing of a conven- 
tional optical pickup; 

Fig.2 is a schematic structure drawing of other con- 
ventional optical pickup; 
40 Rg.3 is a schematic perspective view of an optical 
pickup according to a first embodiment of the 
present invention; 

Rgs.4A, 4B are diagrams showing irradiation posi- 
tions on a light receiving device substrate of emis- 
45 sion beams from first and second laser beam 
sources; 

Figs.5A, 5B are diagrams showing diffraction and 
transmission at first and second diffraction gratings 
of the emission beams of the first and second laser 
so beam sources in the first embodiment of the 
present invention; 

Rg.6 is a characteristic diagram showing depth 
dependency of a diffraction grating in case where 
wave length is 795 nm and 659 nm; 
55 Rg.7 is a characteristic diagram showing total effi- 
ciency (reciprocation efficiency of 0-order diffracted 
beam, and 0-order diffracted beam X ± primary- 
order diffracted beam) of depth dependency of drf- 
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fraction grating in case where the wave length is 
795 nm and 659 nm; 

Figs. 8 A, 8B are diagrams showing diffraction and 
transmission at first and second diffraction gratings 
of the emission beams of the first and second laser 
beam sources in the second embodiment of the 
present invention; and 

Figs.9A, 9B are diagrams showing diffraction and 
transmission at first and second diffraction gratings 
of the emission beams of the first and second laser 
beam sources in the third embodiment of the 
present invention. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

[0026] Hereinafter, the embodiments of the present 
invention will be described with reference to the accom- 
panying drawings. 

[0027] Figs.3-5 show the first embodiment of the 
present invention. Referring to Figs.3-5, a light receiving 
device (photodetector) substrate 2 is fixed on a wiring 
substrate 1 and four light receiving regions 3a, 3b, 4a, 
4b are disposed on a straight line on this light receiving 
device substrate 2. The four light receiving regions 3a, 
3b, 4a, 4b are disposed on the same plane and are 
composed of a pair of inner light receiving regions 3a, 
3b and a pair of outer light receiving regions 4a, 4b, 
which are disposed with respect to a point which an 
optical axis C passes. 

[0028] A laser beam source device 5 and a micro 
mirror 6 are f ixed at a position turned at 90° with respect 
to the four light receiving regions 3a, 3b, 4a, 4b dis- 
posed on a straight line on the light receiving device 
substrate 2. The laser beam source device 5 is fixed on 
the light receiving device substrate 2 via a sub-mount 
member 7 and the laser beam source device 5 has a 
first laser beam source 8 (shown in Figs.4A, 4B) and a 
second laser beam source 9 (shown in Rgs.4A, 4B). 
According to the first embodiment, the first laser beam 
source 8 and second laser beam source 9 are both 
semiconductor laser, which are formed monolithically 
on the same chip. The first laser beam source 8 and 
second laser beam 9 are disposed adjacent to each 
other and emission beams are emitted horizontally 
along almost the same optical axis. The first laser beam 
source 8 emits a beam having a first wave length of 780 
nm and the second laser beam source 9 emits a beam 
having a second wave length of 650 nm. 
[0029] The micro mirror 6 is so constructed that a 
surface opposing the laser beam source device 5 is a 
mirror face (not provided with a reference numeral) and 
this mirror face is inclined at 45° with respect to a hori- 
zontal face. Respective emission beams from the first 
laser beam source 8 and second laser beam source 9 
are reflected by the micro mirror 6 so as to be converted 
to vertical beams having almost the same optical axis C. 
The vertical emission beams from the first laser beam 



10 

source 8 and second laser beam source 9 through 
almost the same optical axis C are emitted to a disc 10 
as an information recording medium and the beams are 
reflected by the disc 10. Meanwhile, almost the same 
5 optical axis C is a concept including completely the 
same in this specification. 

[0030] On this vertical opticaJ axis C, an objective 
lens 11 and a transparent sheet-like(plate) member 12 
are disposed from the side of the disc 10. The objective 
w lens 1 1 converges beams introduced from the first and 
second laser beam sources 8, 9 via a transparent 
sheet-like member 12 to an information recording layer 
(not shown) of the disc 1 0. 

[0031] A first diffraction grating 13 is formed on a 
is top face of the transparent sheet-like member 1 2 and a 
second diffraction grating 14 is formed on a bottom face 
thereof. That is, the second diffraction grating 14 is 
formed on a different face from the first diffraction grat- 
ing 13. 

20 [0032] The aforementioned first diffraction grating 
13, second diffraction grating 14 and light receiving 
device substrate 2 are disposed such that the centers of 
the respective components are positioned almost on the 
optical axis C and they are disposed substantially per- 

25 pendicular to the optical axis C. Meanwhile the "sub- 
stantially vertical (perpendicular)" mentioned in this 
specification is a concept including accurately verti- 
cal(perpendicular) * 

[0033] The first diffraction grating 13 is provided 

30 with wave length selectivity by only a depth of uneven- 
ness of the surface and so constructed as to allow a 
wave length of 780 nm to be transmitted through and 
diffract a wave length of 650 nm. As regards the 
reflected light from the disc 10, a diffraction angle of ± 

35 primary-order (± 1st-order) diffracted beam by diffrac- 
tion and the position of the light receiving device sub- 
strate 2 are set up so that the ± primary-order diffracted 
beam is irradiated to a pair of the outer light receiving 
regions 4a, 4b. Light irradiated to a pair of the outer light 

40 receiving regions 4a, 4b are photoelectrically converted 
so as to be used for information reading, focus error 
detection, tracking error detection and the like in a play- 
back unit using a wavelength of 650 nm. 
[0034] Although the second diffraction grating 14 is 

45 provided with wave length selectivity by only the depth 
of un evenness of the surface like the aforementioned 
first diffraction grating 13, different from the first diffrac- 
tion grating 1 3, it diffracts beam having a wave length of 
780 nm while it allows substantially all beam having a 

so wave length of 650 nm to be transmitted through. As 
regards a beam reflected from the disc 10, a diffraction 
angle of the ± primary-order diffracted beam by diffrac- 
tion and a position of the light receiving device substrate 
2 are set up so that the ± primary-order diffracted beam 

55 is irradiated to a pair of inner light receiving regions 3a, 
3b. Light irradiated to a pair of the inner light receiving 
regions 3a, 3b are photoelectrically converted so as to 
be used for information reading, focus error detection, 
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tracking error detection and the like in a playback unit 
using a wavelength of 780 nm. 

[0035] The objective lens 1 1 , transparent sheet-like 
member 12, laser beam source device 5, light receiving 
device substrate 2 and wiring substrate 1 are fixed inte- 
grally to the same casing(package) 15. That is, this opti- 
cal device 16 of an optical system of the optical pickup 
can be constructed so as to excel in compact integra- 
tion. 

[0036] Next, an operation of the above-described 
structure will be described. If beam having the wave 
length of 780 nm and beam having the wave length of 
650 nm are emitted from the first laser beam source 8 
and second laser beam source 9. the emitted incident 
lights are reflected by the micro mirror 6 so as to be inci- 
dent light to the disc 10 having the optical axis C in the 
vertical direction. The incident light along the optical 
axis C is subjected to diffraction/transmission which will 
be described below, by the second diffraction grating 14 
and first diffraction grating 1 3, passes through the trans- 
parent sheet-like member 12, is converged by the 
objective lens 1 1 and then irradiated to the disc 10 as a 
converged light. The reflected light from the disc 10 
goes along the aforementioned optical axis C like the 
incident light and is introduced to the objective lens 11 
and transparent sheet-like member 12. This light is sub- 
jected to diffraction/transmission by the first diffraction 
grating 13 and second diffraction grating 14, passes 
through the transparent sheet-like member 12 and then 
is irradiated to the light receiving device substrate 2. 
[0037] The diffraction/transmission of the first and 
second diffraction gratings 13, 14 will be described with 
reference to Figs.SA, 5B. As shown in Fig.SA, an inci- 
dent light from the first laser beam source 8 is a light 
having the wave length of 780 nm and this incident light 
is subjected to diffraction by the diffraction grating 14, so 
that the 0-order transmission light is transmitted sub- 
stantially all through the first diffraction grating 13 and 
irradiated to the disc 10. A reflected light from the disc 
10 is transmitted substantially all through the first dif- 
fraction grating 13 and this transmitted light is subjected 
to diffraction/branching by the second diffraction grating 
1 4. The ± primary-order diffracted light by this diffraction 
is irradiated to a pair of the inner light receiving regions 
3a, 3b of the light receiving device substrate 2. 
[0038] As shown in Fig.SB, an incident light from 
the second laser beam source 9 is a beam having the 
wave length of 650 nm. This incident light is transmitted 
substantially all through the second diffraction grating 
1 4 and this transmitted light is subjected to diffraction by 
the first diffraction grating, so that the 0-order (Oth- 
order) transmitted light is irradiated to the disc 10. A 
reflected light from the disc 10 is subjected to diffrac- 
tion/branching by the first diffraction grating 13. The ± 
primary-order diffracted light by diffraction is transmitted 
substantially all through the second diffraction grating 
14 and irradiated to a pair of the outer light receiving 
regions 4a, 4b of the light receiving device substrate 2. 



[0039] That is, a light having the wave length of 780 
nm substantially is transmitted through the first diffrac- 
tion grating 13 and only when it passes through the sec- 
ond diffraction grating 14, "rt is subjected to diffraction. A 
5 light having the wave length of 650 nm substantially is 
transmitted through the second diffraction grating 14 
and only when it passes through the f irst diffraction grat- 
ing 13, 'rt is subjected to diffraction. Thus, light usability 
of each wave length between the first/second laser 
jo beam sources 8, 9 and the light receiving device sub- 
strate 2 is substantially the same as conventionally. 
[0040] Because K is so constructed that the first 
laser beam source 8 and the second laser beam source 
9 are disposed adjacent to each other, emission lights 
is from the first laser beam source 8 and the second laser 
beam source 9 are emitted to the disc 1 0 along substan- 
tially the same optical axis C and the reflected lights 
return along the same optical axis C, the first laser 
beam source 8/second laser beam source 9 and the 
20 light receiving device substrate 2 can be disposed in the 
vicinity of each other so that a compact optical pickup 
can be constructed. For the same reason, the optical 
system of the optical pickup can be constructed as a 
single optical device 16. 
25 [0041] Fig.6 is a characteristic diagram showing 
depth dependency of the diffraction grating in case 
. where the wave length is 795 nm and 659 nm. By 
changing the depth of the diffraction grating, diffraction 
efficiency changes periodically. Although this is slightly 
30 different from the wave length used in the first embodi- 
ment, it is considered that there exists a similar depth 
dependency of the diffraction grating between the wave 
lengths of 780 nm and 650 nm. 
[0042] Referring to Fig.6, in case where the depth 
35 of the diffraction grating is near 1400 nm, the efficiency 
of the 0-order (Oth-order) diffracted light of 659 nm light 
is substantially 1.0, that is, this light substantially is 
transmitted through. As for 795 nm light, the efficiency 
of the ± primary-order diffracted light is substantially 
40 0.2. In case where the depth of the diffraction grating is 
near 1700 nm, the efficiency of the 0-order diffracted 
light of the 795 nm light is substantially 1 .0, that is, this 
light substantially is transmitted through. As for the 659 
nm light the efficiency of the ± primary-order diffracted 
45 light is substantially 0.3. Wave length selectivity can be 
provided depending on the depth of the diffraction grat- 
ing. 

[0043] Fig.7 is a characteristic diagram showing 
total efficiency of depth dependency of the diffraction 

so grating in case where the wave length is 795 nm and 
659 nm. Because light passes through the first and sec- 
ond diffraction gratings 13, 14 twice in both the direc- 
tions and further, the diffracted light for use is 0-order 
diffracted light and ± primary-order diffracted light, the 

55 depth of the diffraction grating needs to be set up so that 
a reciprocation efficiency expressed by a product of the 
0-order diffracted light and ± primary-order diffracted 
light is high. Referring to Rg.7, in case where the depth 
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erf the diffraction grating is near 1400 nm, a reciproca- 
tion efficiency of about 0.17 can be obtained for light 
having the wave length of 795 nm. In case where the 
depth of the diffraction grating is near 1700 nm, a recip- 
rocation efficiency of about 0.19 can be obtained for 
light having the wave length of 659 nm. 
[0044] Although the transmittance of the wave 
length of a passing light near 1400 nm and 1700 nm in 
depth of the diffraction grating is substantially 1 .0, indi- 
cating a maximum value, this position deflects from a 
maximum value of the above reciprocation efficiency. 
Setting of the depth of the diffraction grating is carried 
out considering the transmittance of the wave length of 
the light to be transmitted and the reciprocation effi- 
ciency of the wave length for use. 
[0045] In the first embodiment, the first diffraction 
grating 13 and the second diffraction grating 14 may be 
so constructed that the wave length dependency 
thereof are inverted. That is, it is permissible to provide 
the first diffraction grating 13 with the wave length selec- 
tivity by only the depth of unevenness of the surface, so 
that a light having the wave length of 780 nm is dif- 
fracted and a light having the wave length of 650 nm is 
substantially transmitted through, and provide the sec- 
ond diffraction grating 14 with the wave length selectiv- 
ity by only the depth of the unevenness of the surface, 
so that a light having the wave length of 780 nm is sub- 
stantially transmitted through and a light having the 
wave length of 650 nm is diffracted. With such a struc- 
ture, the light receiving regions 3a, 3b, 4a, 4b irradiated 
with respective wave length lights can be set up in 
reverse positions. 

[0046] Figs.8A, 8B show a second embodiment of 
the present invention. Rg.8A is a diagram showing dif- 
fraction and transmission of an emission light from the 
first laser beam source at the first and second diffraction 
gratings 13, 14. Rg.8B is a diagram showing diffraction 
and transmission of an emission light from the second 
laser beam source at the first and second diffraction 
gratings 13, 14. In the second embodiment, a descrip- 
tion of the same components as the first embodiment is 
omitted, but only a different structure will be described. 
[0047] That is, the first laser beam source has the 
wave length of 780 nm and emits linearly polarized light 
of TE mode. The second laser beam source has the 
wave length of 635 nm and emits a linearly polarized 
light of TM mode which is substantially perpendicular to 
deflected light of the first laser beam source. 
[0048] Instead of the transparent sheet-like mem- 
ber 12 of the first embodiment an optically anisotropic 
material member 20 is disposed. As shown in Figs.8A, 
8B, a first diffraction grating 13 is formed on a top sur- 
face of the optically anisotropic material member 20 and 
a second diffraction grating 14 is formed on a bottom 
surface thereof. The first diffraction grating 13 is pro- 
vided with polarization dependency by forming the opti- 
cally anisotropic material member according to region 
selective refractivity change so that a Iinear1y(linear) 



polarized light of TE mode is substantially transmitted 
through and the linearly(linear) polarized light of TM 
mode is diffracted. For example, this can be achieved by 
forming this structure on the surface of lithium niobate 

5 by proton exchange. The second diffraction grating 14, 
similar to the first embodiment, is provided with the 
wave length selectivity by only the depth of the uneven- 
ness of the surface so that a light having the wave 
length of 780 nm is diffracted and a light having the 

jo wave length of 635 nm is substantially transmitted 
through. 

[0049] As shown in Rg.3, the objective lens, opti- 
cally anisotropic material member 20, laser beam 
source device 5, light receiving device substrate 2 and 

75 wiring substrate 1, these components constituting an 
optical system of the optical pickup, are fixed to the 
same casing(package) integrally. That is, they are con- 
structed as an optical device for constituting the optical 
system of the optical pickup. 

20 [0050] Next, an operation of the above structure will 
be described. The optical path of light emitted from the 
first and second laser beam sources is the same as the 
first embodiment and different therefrom in an operation 
of the invention when light passes through the optically 

25 anisotropic material member 20 on two ways. That is, 
referring to Fig. 8A, a beam having a wave length of 780 
nm and a linearly polarized light of TE mode, emitted 
from the first laser beam source 8 is diffracted by the 
second diffraction grating 14 and the 0-order diffracted 

30 light is substantially transmitted through the first diffrac- 
tion grating 13 so that it is introduced to the disc 10. A 
reflected light from the disc 10 is substantially transmit- 
ted through the diffraction grating 13 and this light is dif- 
fracted by the second diffraction grating 14, so that this 

35 ± primary-order diffracted light is irradiated to the light 
receiving device substrate 2. 

[0051] Referring to Fig.8B, a beam having the wave 
length of 635 nm and a linearly polarized light of TM 
mode, emitted from the second laser beam source 9 is 

40 transmitted through the second diffraction grating 14 
and this transmitted light is subjected to diffraction by 
the first diffraction grating 13, so that the 0-order dif- 
fracted light is introduced to the disc 10. The reflected 
light from the disc 10 is subjected to diffraction by the 

45 first diffraction grating 13 and this ± primary-order 
deflected light is substantially transmitted through the 
second diffraction grating 14, so that it is irradiated to 
the light receiving device substrate 2. 
[0052] Therefore, both the light having the wave 

so length of 780 nm and the light having the wave length of 
650 nm are substantially transmitted through when they 
pass through any one of the first and second diffraction 
gratings, and diffracted when they pass through the 
other thereof. Therefore, light usability of the respective 

55 wave lengths between the first/second laser beam 
sources 8, 9 and the light receiving device substrate 2 is 
substantially the same as conventionally. 
[0053] Further, because like the first embodiment, 
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the f irst laser beam source 8 and the second laser beam 
source 9 are disposed adjacent to each other, emission 
lights from the first laser beam source 8 and the second 
laser beam source 9 are emitted to the disc 10 as an 
information recording medium along substantially the 5 
same optical axis C and the reflected light is returned 
substantially along the aforementioned optical axis, the 
first laser beam source 8/second laser beam source 9 
and the light receiving device substrate 2 can be dis- 
posed in the vicinity of each other, so that a compact to 
optical pickup can be formed. For the same reason, the 
optical system of the optical pickup can be formed so as 
to excel in compact integration. 
[0054] Although according to the second embodi- 
ment, the first diffraction grating 13 is provided with 15 
polarization dependency and the second diffraction 
grating 14 is provided with wave length dependency, it is 
permissible to so construct them inversely. That is, like 
the first embodiment, it is permissible to provide the first 
diffraction grating 13 with the wave length selectivity by 20 
only the depth of unevenness of the surface, so that a 
light having the wave length of 780 nm is diffracted and 
a light having the wave length of 650 nm is substantially 
transmitted through, and provide the second diffraction 
grating 14 with polarization dependency by forming the 25 
optically anisotropic material member according to the 
region selectivity refractive change so that a linearly 
polarized light of TE mode is substantially transmitted 
through and the linearly polarized light of TM mode is 
diffracted. so 
[0055] Figs. 9A, 9B show a third embodiment of the 
present invention. Fig. 9A is a diagram showing diffrac- 
tion and transmission of an emission light from the first 
laser beam source at the first and second diffraction 
gratings 1 3, 14. Fig. 9B is a diagram showing diffraction 3i 
and transmission of an emission light from the second 
laser beam source at the first and second diffraction 
gratings 13, 14. In the third embodiment, a description 
of the same components as the first embodiment is 
omitted, but only a different structure will be described. « 
[0056] That is, the f irst laser beam source 8 has the 
wave length of 780 nm and emits linearly polarized light 
of TE mode. The second laser beam source 9 has the 
wave length of 635 nm and emits a linearly polarized 
light of TE mode which is polarized in the same direction 4 
as the first laser beam source 8. 
[0057] A wave length plate 21 and an optically ani- 
sotropic material member 20 are disposed at the same 
position as the transparent sheet-like member 12 of the 
first embodiment. As shown in Figs. 9A, 9B, the wave 5 
length plate 21 has wave length dependency, so that a 
light having the wave length of 780 nm is substantially 
transmitted through and a light having the wave length 
of 650 nm is deflected by 1/4 wave length. The wave 
length plate 21 is disposed substantially perpendicular t 
to the aforementioned optical axis C. 
[0058] A first diffraction grating 13 is formed on a 
top face of the optically anisotropic material member 20 



and a second diffraction grating 14 is formed on a bot- 
tom face thereof. Because the first diffraction grating 13 
and the second diffraction grating 1 4 are the same as 
the second embodiment, a description thereof is omit- 
ted. 

[0059] The objective lens, wave length plate 21, 
optically anisotropic material member 20, laser beam 
source device 5, light receiving device substrate 2 and 
wiring substrate 1, these components constituting an 
optical system of the optical pickup, are fixed to the 
same casing(package) integrally. That is, they are con- 
structed as an optical device for constituting the optical 
system of the optical pickup. 

[0060] Next, an operation of the above structure will 
be described. The optical path of light emitted from the 
f irst and second laser beam sources 8, 9 is the same as 
the first embodiment and different therefrom in an oper- 
ation of the invention when light passes through the 
optically anisotropic material member 20 and wave 
length plate 21 on two ways. That is, referring to Fig.9A, 
a beam having a wave length of 780 nm and a linearly 
polarized light of TE mode, emitted from the first laser 
beam source is diffracted by the second diffraction grat- 
ing 14 and the 0-order diffracted light is substantially 
transmitted through the first diffraction grating 13 and 
further the wave length plate 21 , so that it is introduced 
to the disc 10 as an information recording medium. A 
reflected light from the disc 10 is substantially transmit- 
ted through both the wave length plate 21 and the dif- 
fraction grating 13 and this light is diffracted by the 
second diffraction grating 14, so that this ± primary- 
order diffracted light is irradiated to the light receiving 
device substrate 2. 

[0061 ] Referring to Rg.9B, a beam having the wave 
length of 650 nm and a linearly polarized light of TE 
mode, emitted from the second laser beam source 9 is 
transmitted through the second diffraction grating 14 
and the first diffraction grating 13. and this transmitted 
light is provided with a phase difference of 1/4 wave 
length by the wave length plate 21 so as to be changed 
to a circularly polarized light of right turn. The circularly 
polarized light of right turn is introduced to the disc 10. 
Because the reflected light from the disc 10 is inverted 
in phase by reflection, this is changed to a circularly 

; polarized light of left turn. The circularly polarized light 
of left turn is provided with a phase difference by 1/4 
wave length by the wave length plate 21 so as to be 
changed to a linearly polarized light of TM mode based 
on semiconductor laser. Because this TM mode linearly 

> polarized light impinges upon the first diffraction grating 
13, it is subjected to diffraction, so that the ± primary- 
order diffracted light is substantially transmitted through 
the second diffraction grating 14 and irradiated to the 
light receiving device substrate 2. 

5 [0062] Thus, an emission light from the first laser 
beam source 8 is substantially transmitted through the 
first diffraction grating 13 when it passes therethrough, 
while that light is subjected to diffraction when it passes 
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through the second diffraction grating 14, light usability 
in an interval between the first laser beam source and 
the light receiving device substrate is substantially the 
same as conventionally. An emission light from the sec- 
ond laser beam source is substantially transmitted 5 
through the first and second diffraction gratings 13, 14 
when they pass therethrough, before that light is intro- 
duced to the disc as an information recording medium. 
When that light is reflected by the disc as an information 
recording medium and is returned to the light receiving 10 
device substrate, it is first diffracted by the first diffrac- 
tion grating 13. Consequently, light usability in an inter- 
val from the second laser beam source to the light 
receiving device substrate is more excellent than con* 
ventionally. 75 
[0063] Further, because like the first embodiment 
the first laser beam source 8 and the second laser beam 
source 9 are disposed adjacent to each other, emission 
lights from the first laser beam source 8 and the second 
laser beam source 9 are emitted to the disc 10 as an 
information recording medium along substantially the 
same optical axis C and the reflected light is returned 
substantially along the aforementioned optical axis, the 
first laser beam source 8/second laser beam source 9 
and the light receiving device substrate 2 can be dis- 
posed in the vicinity of each other, so that a compact 
optical pickup can be formed. For the same reason, the 
optical system of the optical pickup can be formed so as 
to be excellent in compact integration. 
[0064] Although in the third embodiment, a case in 
which the first and second laser beam sources 8, 9 are 
linearly polarized light of TE mode has been described, 
the present invention can be applied to linearly polar- 
ized light of TM mode also because of the same con- 
cept. That is, in this case, any one of the first and 
second diffraction gratings 13, 14 is so constructed as 
to diffract a linearly polarized light of TE mode. 
[0065] The third embodiment may be so con- 
structed that the first diffraction grating 13 is provided 
with wave length selectivity by only the depth of the une- 
venness of the surface like the first embodiment so that 
a light having the wave length of 780 nm is diffracted 
and a light having the wave length of 650 nm is substan- 
tially transmitted through and that the second diffraction 
grating 14 is provided with polarization dependency by 
forming according to the region selective refractivity 
change so that a linearly polarized light of TE mode is 
substantially transmitted through and the linearly polar- 
ized light of TM mode is diffracted. In case where the 
first and second diffraction gratings 13, 14 are con- 
structed in such a manner also, the wave length plate 21 
is constructed in the same manner as described above. 
[0066] Although according to the third embodiment, 
the wave length plate 21 is so constructed that it allows 
all light having the wave length of 780 nm to be transmit- 
ted through while it provides a light having the wave 
length of 650 nm with a phase difference of 1/4 wave 
length, it is permissible to so construct that substantially 



all emission light having a wave length subjected to dif- 
fraction by any one of the first diffraction grating 13 and 
the second diffraction grating 14 is allowed to be trans- 
mitted through, while emission light having a wave 
length transmitted through both the first diffraction grat- 
ing 13 and the second diffraction grating 14 is provided 
with a phase difference of 1/4 wave length. 
[0067] In the above respective embodiments, the 
CD system and CD-R system use a light source having 
the wave length of 780 nm and of linearly polarized light 
of TE mode, the DVD system uses a light source having 
the wave length of 650 nm and of linearly polarized light 
of TE mode and the DVD-R system uses a light source 
having the wave length of 635 nm and of a linearly 
polarized light of TM mode. Therefore, the optical 
pickup and optical device according to the first and third 
embodiments can be applied to compatible playback 
between the CD system/CD-R system and DVD sys- 
tem, and the optical pickup and optical device according 
to the second embodiment can be applied to compatible 
playback between the CD system/CD-R system and 
DVD-R system. 

[0068] Although in the above respective embodi- 
ments, a description thereof is performed assuming that 
the first and second diffraction gratings 13. 14 are not 
provided with lens power, it is needless to say that they 
may be constructed with a hologram device having the 
diffraction and lens powers. 

[0069] Although in the above respective embodi- 
ments, the first laser beam source 8 and the second 
laser beam source 9 are formed monolithically on the 
same chip, they may be formed in a hybrid structure. 
However, it is favorable to form them monolithically like 
in the embodiments because two optical axes can be 
placed sufficiently near each other. 
[0070] Although in the above respective embodi- 
ments, providing the first and second diffraction gratings 
1 3, 1 4 with wave length dependency is achieved by only 
the depth of the unevenness of the surface, other 
method may be used if it is capable of providing with the 
wave length dependency. However, it is easier to pro- 
duce by providing with the wave length dependency by 
only the depth of the unevenness of the surface like the 
respective embodiments than other methods. 
[0071] Although in the above respective embodi- 
ments, providing the first and second diffraction gratings 
13, 14 with polarization dependency is achieved by 
region selective refractivity change in the optically ani- 
sotropic material member, other method may be used if 
it is capable of providing wfth polarization dependency. 
[0072] In the above respective embodiments, the 
first diffraction grating 13 and the second diffraction 
grating 14 are formed on top and bottom faces of the 
transparent sheet-like member 12 or optically aniso- 
tropic material member 20, that is, opposing two faces 
of the same member. This method facilities assembly of 
this device. Further, it is permissible to form the first dif- 
fraction grating 13 and second diffraction grating 14 with 
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different members separately and then bond them 
together by positioning. This method has an advantage 
that this device can be produced with a simple produc- 
tion machine. 

[0073] More generally, it should be understood that 
many modifications and adaptations of the invention will 
become apparent to those skilled in the art and it is 
intended to encompass such obvious modif ications and 
changes in the scope of the claims appended hereto. 

Claims 



10 



An optical pickup for irradiating light to an informa- 
tion recording medium (10) and reading information 
by using a reflected light from the information is 
recording medium (10), the optical pickup compris- 
ing: 

a f irst laser beam source (8) having a f irst wave 
length; 20 
a second laser beam source (9) having a sec- 
ond wave length; 
a first diffraction grating (13); 
a second diffraction grating (14) provided on a 
face different from a face on which the first dif- 25 
fraction grating (13) is provided; and 
a light receiving device substrate (2) having a 
plurality of light receiving regions (3a, 3b, 
4a,4b) on the same plane, 
wherein the first laser beam source (8) and the 30 
second laser beam source (9) are disposed in 
the vicinity of each other, emission lights from 
the first laser beam source (8) and the second 
laser beam source (9) are emitted to the infor- 
mation recording medium (10) along substan- 35 
tially the same optical axis and a reflected light 
from the information recording medium (10) is 
returned along the optical axis; 
the first diffraction grating (13), the second dif- 
fraction grating (14) and the light receiving 40 
device substrate (2) are disposed in order sub- 
stantially perpendicular to the optical axis; 
the first diffraction grating (13) is substantially 
transparent for any one of the first wave length 
and the second wave length and diffracts the as 
other wave length; and 

the second diffraction grating (14) is substan- 
tially transparent for the other wave length 
while it diffracts the one wave length. 

50 

An optical pickup for irradiating light to an informa- 
tion recording medium (1 0) and reading information 
by using a. reflected light from the information 
recording medium (10), the optical pickup compris- 
ing: 55 

a first laser beam source (8) having a first wave 
length and a linearly polarized light; 



a second laser beam source (9) having a sec- 
ond wave length and a linearly polarized light 
substantially perpendicular to the polarized 
light of the first laser beam source (8); 
a first diffraction grating (13); 
a second diffraction grating (14) provided on a 
face different from a face on which the first dif- 
fraction grating (13) is provided; and 
a light receiving device substrate (2) having a 
plurality of light receiving regions (3a. 3b, 4a, 
4b) on the same plane, 

wherein the first laser beam source (8) and the 
second laser beam source (9) are disposed in 
the vicinity of each other, emission lights from 
the first laser beam source (8) and the second 
laser beam source (9) are emitted to the infor- 
mation recording medium (10) along substan- 
tially the same optical axis and a reflected light 
from the information recording medium (10) is 
returned along the optical axis; 
the first diffraction grating (13), the second dif- 
fraction grating (14) and the light receiving 
device substrate (2) are disposed in order sub- 
stantially perpendicular to the optical axis; 
any one of the first diffraction grating (13) and 
the second diffraction grating (14) is substan- 
tially transparent for a linearly polarized light of 
any one of the first laser beam source (8) and 
the second laser beam source (9) and diffracts 
the other linearly polarized light; and 
the other one of the first diffraction grating (13) 
and the second diffraction grating (14) is sub- 
stantially transparent for a wave length pos- 
sessed by a laser beam source whose laser 
beam is diffracted by the first diffraction grating 
(13), of the first and second laser beam 
sources (8, 9), and diffracts a wave length pos- 
sessed by a laser beam source whose laser 
beam substantially is transmitted through the 
first diffraction grating (13), of the first and sec- 
ond laser beam sources (8, 9). 

An optical pickup for irradiating light to an informa- 
tion recording medium (10) and reading information 
by using a reflected light from the information 
recording medium (10), the optical pickup compris- 
ing: 

a first laser beam source (8) having a first wave 
length and a linearly polarized light; 
a second laser beam source (9) having a sec- 
ond wave length and a linearly polarized light 
substantially the same as the first laser beam 
source (8); 

a wave length plate (21); 

a f irst diffraction grating (13); 

a second diffraction grating (1 4) provided on a 

face different from a face on which the first dif- 
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fraction grating (13) is provided; and 
a light receiving device substrate (2) having a 
plurality of light receiving regions (3a, 3b, 4a, 
4b) on the same plane, 

wherein the first laser beam source (8) and the 
second laser beam source (9) are disposed in 
the vicinity of each other, emission lights from 
the first laser beam source (8) and the second 
laser beam source (9) are emitted to the infor- 
mation recording medium (10) along substan- 
tially the same optical axis and a reflected light 
from the information recording medium (10) is 
returned along the optical axis; 
the wave length plate (21), the first diffraction 
grating (13), the second diffraction grating (14) 
and the light receiving device substrate (2) are 
disposed in order from the information record- 
ing medium (10) substantially perpendicular to 
the optical axis; 

any one of the first diffraction grating (13) and 
the second diffraction grating (14) is substan- 
tially transparent for linearly polarized lights of 
emission lights from the first laser beam source 
(8) and the second laser beam source (9) and 
diffracts a linearly polarized light substantially 
perpendicular to the linearly polarized lights 
from the first and second diffraction gratings 
(13,14); 

the other one of the first diffraction grating (13) 
and the second grating (14) is substantially 
transparent for a wave length possessed by a 
laser beam source whose beam is diffracted by 
the first diffraction grating (13), of the first and 
second laser beam sources (8, 9) and diffracts 
a wave length possessed by a laser beam 
source whose beam substantially passes 
through the first diffraction grating (13), of the 
first and second laser beam sources (8, 9); and 
the wave length plate (21) provides a wave 
length of emission light which substantially is 
transmitted through the first diffraction grating 
(13) with a phase difference of 1/4 wave length. 
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described in claim 3 wherein the first laser beam 
source (8), the second laser beam source (9), the 
wave length plate (21), the first diffraction grating 
(13), the second diffraction grating (14) and the light 
receiving device substrate (2) are integrally fixed in 
the same casing. 



5. 



An optical device for use in the optical pickup 
described in claim 1 wherein the first laser beam 
source (8), the second laser beam source (9), the 
first diffraction grating (13), the second diffraction 
grating (14) and the light receiving device substrate 
(2) are integrally fixed in the same casing. 

An optical device for use in the optical pickup 
described in claim 2 wherein the first laser beam 
source (8). the second laser beam source (9), the 
first diffraction grating (13), the second diffraction 
grating (14) and the light receiving device substrate 
(2) are integrally fixed in the same casing. 
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6. An optical device for use in the optical pickup 



12 



EP1 001 413 A2 



FIG.l 

PRIOR ART 




51 



13 



EP 1 001 413 A2 



FIG.2 

PRIOR ART 




3-65 



14 



EP 1 001 413 A2 



FIG.3 




15 



EP 1 001 413 A2 




16 



EP 1 001 413 A2 



r 



(0-ORDER 
TRANSMISSION) 

(USED FOR 
650 nm ONLY) 

12H 

(USED FOR 
780 nm ONLY) 

(0-ORDER 
TRANSMISSION) 



FIG.5A 

A 



FIRST 

DIFFRACTION 
GRATING 13 







\ 


4 


\ 


i 


\ 


t 


\ 


/ 


\ 


/ 


u 





(0-ORDER 
TRANSMISSION) 
13 




780 nm 
I NCIDENT 
LIGHT 




(PRIMARY-ORDER 
DIFFRACTION) 



r 

(0-ORDER 
TRANSMISSION) 



12 



(0-ORDER 
TRANSMISSION) 



SECOND 
DIFFRACTION 
GRATING 14 

FIG.5B 

A 



(PRIMARY-ORDER 
DIFFRACTION) 
13 




(TRANSMISSION) 



650 nm 
I NCIDENT 
LIGHT 



17 



EP 1 001 413 A2 



-J J 
<< 
H E— 
OO 
H E— 

a: ctf 
QQ 

OS OS 

OO 

>*>< 

< < a: 

$ $ W UQ 
Q£ 0^ C£ C£ 

cu OhQO 
-H-Hoo 

SEES 
c c c c 

On m On wo 

t**- y sO r*- \d 

{Hi 




a 



EFFICIENCY 



18 



EP 1 001 413 A2 



RECIPROCATION EFFICIENCY 



S £2 o o 
S S * * 

C/5 (/) OiJ ftj 
£ £ UJ UJ 

a: o£ £2 ^3 
^ y oc K 

q q < <; 
9952 

£ E E E 
c c c c 

iiiill 



>- 

u 
z 

D 

t— ( 

< 

H 
O 
H 




b 



oo 
o 



vq cs 
0-ORDER TRANSMITTANCE 



o 



19 



EP 1 001 413 A2 



FIG.8A 



r 



(0-ORDER 
TRANSMISSION) 

FIRST GRATING 
FOR TM ONLY 
20- 



SECOND GRATING 
FOR 780 ran ONLY 

(0-ORDER 

TRANSMISSION) 

LINEAR 

POLARIZATION(TE) 



13 13 



■ ■ 1 


i ■ ■ 


\ 


4 


\ 


i 


\ 


/ 


\ 


/ 


\ 


/ 


mm 


u 



4 



LINEAR 

POLARIZATION(TE) 

^ (0-ORDER 

TRANSMISSION) 



14 



780 nm 

I NCIDENT 

LIGHT(TE) 




20 



(PRIMARY-ORDER 
DIFFRACTION) 



FIG.8B 



r 



(0-ORDER \ZJ 13 

TRANSMISS ION) \ !r_ 
FIRST GRATING ' 
FOR TM ONLY 
20 — 

SECOND GRATING 
FOR 780 nm ONLY 
(0-ORDER 

TRANSMISSION) (#) 
LINEAR 

POLARIZATION (TM) 

635 nm I NCIDENT 
L1GHT(TM) 

NOTE: -«-*- INDICATES PARALLEL TO THIS PAPER SURFACE 
(•) INDICATES A POLARIZATION PERPENDICULAR 
TO THE PAPER SURFACE 



14 




LINEAR A 
POLARIZATION(TM) 

(PRIMARY-ORDER 
DIFFRACTION) 



20 



(TRANSMISSION) 



20 



EP 1 001 413 A2 



r 



FIG.9A 

A 



LINEAR 
POLARIZATION(TE) u 



13 — 
(FOR TM ONLY) 

20— 

(FOR 780 nm ONLY) 



LINEAR 

POLARIZATION(TE) 



21 

V 



■ -WTM"W 


n 


\ 


f 






\ 


i 


\ 


i 


\ 


t 


\ 


i 


■r ■ 





LINEAR 

POLARIZATION(TE) 



1^ 



21 

FIRST 

DIFFRACTION 
GRATING 13 

20 



14 



780 nm 

I NCIDENT 

LIGHT(TE) 




\ SECOND 
\ DIFFRACTION 
GRATING 14 



r 



FIG.9B 

A 



CIRCULAR 
POLARIZATION 
(RIGHT TURN) 



(FOR TM ONLY) 
20- 

(FOR 780 nm ONLY) 




CIRCULAR 
POLARIZATION 
(LEFT TURN) 

LINEAR 
POLARIZATION 
(TM) 



LINEAR 

POLARIZATION(TE) 



650 nm 
I NCIDENT 
LIGHT(TE) 



21 



